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(57) The present invention discloses an improved 
gas diffusion layer for use in porous electrodes of poly- 
mer electrolyte fuel cells. The gas diffusion layer com- 
prises a gas flow path having a bottom face facing an 
electrolyte membrane, and the properties of a carbon 
fiber that forms the bottom face of the gas flow path are 
different from the properties of a carbon fiber that forms 
the side wall of the gas flow path and/or the top face of 



the gas flow path. It is preferable that there is a dffl*- 
ence in the graphitization degree, graphite orientation 
^ee^l^ro^ure t and the hydrophlllc group 
density of the carbon fiber forming the bottom face of 
the gas flow path is particularly small. M ttto 
possible to obtain agas diffusion layer .mparted with wa- 
ter retention property, without sacrificing the gas perme- 
ability. 
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Description 

Technical Field 



w 



Techn.cam™ lte aridmore particularly relates to an Improvement 

100011 Thepresent.nventionre^eatopo.ymere.ectro.ytef.elcel.a.andmonBpam 

5 *e porous electrodes In the polymer e.ectrolyte fuel cells. 

™1 Itmrture of this type of tuel cell Is shown in FIG. 23. electrodes 2 Including a 



f5 catalyst, which sandwich this 
unit Is called an electrolyte 
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at the porous eieciroaes * uiiw«a.. ... , 

reoellencv of graphite carton. n . _ M1BBh| water participating in ionic conduction 10 ine 

mSsi 7n orinctole. the polymer electrofyte fuel cell needs o WVJJJPJ ^ ^ectrode needs to promptly 
222 while water Is produced In the cathode. Thus, basically. *• "?*J5J£ -d , porous electrode needs to 
q ^ b ^ud D II«1 vwterto the polymer electrolyte membrane. and * e n f ^,3^0,; desirable that the porous 

th °™!.!l. Lh aas oermeatlon la likely to occur. 



there Wi I DO a prouieni men, a ^.»~.. 

an^ntert eros with gas permeation Is likely to occur. 
Disclosure of Invention 



45 



50 



Disclosure of Invention & conductive carbon 

[0 007, The present Inventionpr^^ or agasflowpath 

iroMe memoraTO-ouarwn .stow eonipossd « • W*" s ^^ - _ IIoW . m «rt»ai»: s P 3 * °' ™?t£: 
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[0000, ff.spreferablethat^^ 

that of the carbon fiber forming the side ^^•JJ^Ji cell comprising: an eiectroiyte membrane-electrode 
[001 0] The present invention provides a P 0 ^^'™^^,^ membrane and a pair of electrodes sandwiching 
assembly composed 0 , a hydrogen Ion conductive ^"£^™ rdl conductive separator piates sandwiching 
the hydrogen ion conductive pofymer elec^te £*2^££JJ fuel cel. being characterized in that each of the 
the eiectroiyte membrane-electrode •^^J^SS! membrane; and a gas diffusion layer made of a conductive 
electrodes hasacataiystlayerincontact with the 8le ^^^lo^Ur comprises a gas flow path having abonom 
c^onnbersheet.ncontac.^^^ 

race facing the eiectroiyte membrane ^^^^W^W™ ^ ^ ^ ^ g ca(bon f , ber that tom3 

forms the bottom face of the gas flow path are differs «m ' PJJP 

the' top face of the gas flow path ^".^KSS^^!^ the bottom face of the gas flow path Is 
the side wall of the gas flow path. ^.^ ortentati0 n degree, or the fiber microstructure Is derived 

grooves that form a gas flow path on one side. fiber sneet have different 

degree, fiber microstructure. and hydrophlllc group density. 
Brief Description of Drawings 

[0015] ^.p****™™^™^™™^"**^™^^ 
In an example of the present Invention. 
[00161 FIG. 2 is a cross sectional view of the woven fabric. 

another exemple of the present Invention. „ manufacturing a porous electrode in another example 

[00261 FIG. 11 la a cross sectional v.ew showing the process of manutaciun g t~ 

Eli™ 

. SSi p.aufcacrosssectlona^ewsho^^ 

p££ FIG. 16 is a front view of the anode side of an MEA In another example 
so [00321 FIG. 1 7 is a top view of the MEA. 

0033 FIG. 18 isafrontvlaw of a cathode-s.de separator plate 

[0035 FIG. 20 Is a cross sectional view cut along the A* to. hi FIG. 18. 

[00361 FIG. 21 Is a front view of an anode-side separator pate. the enl jnvention 
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sample. „ _ . havlor corresP ondlng to increase/decrease of fuel gas in the fuel 

m0401 FIG 25 Is a view showing cell voltage behavior w ^°" a 
Tithe example or the presentlnve^ 

plurality of sheets. repellency of the respective layers of the electrode sheet Is 

[0043] FIG. 28 Is a plan view showing how the water repen / 

* va,uated ' - , tn^ravdiffra^ 

[0044] FIG. 29 is a view showing the X-ray diffraction pawn » 

of the electrode sheet. 

Best Mode for Carrying Out the Invention 

Sace facing the electrode membrane ^^^7^ oi at toast one of a cartoon fiber that forms 
forms the bottom face of the gas flow path are different Tromme _ p p fl<jw 
Sop face ofthe gas ^P^^ c ^ m ^ W ^°Z^?SiSZ. pitch-based, rayon-based (cellulose- 
00471 Typical examples of conducts carbon flben» In** «*J2J*J degree that they can reach differs 
based), and phenol-based (kynol-based) Braphteflbera andthe 9^ p^^^seda^mesophaseplteh- 
Spending on the properties of their starting materials. ^ 

based(also called liquid crystalpltch or anisotropic pitch graphite JWJJ^,. and re adlly form a benzene 

S obLed in the spinning stage, and the starting J^JK *th a high degree of crystal orientation 

rtnq Therefore. If such a fiber Is carbonized and 9 ra P™ tC ^' ?"^, n T he of rayon-based and phenol-based 

ana'ahS degree of graphWzatlon Is obtained. On the other hand I \££f m b0 £ low bec ause of the difficulty 

^eters'the degree of crystal -^jS^SaK^^-f cnf- orientation originated 
informingabenzenerlngduetothecomplexltyofthestartlngmai 

In the materials. „ „ t0 obtain electrodes having differences in me 

[00481 Even when graphite fibers are of the same type i t is ^po rf cond mons, such as temperature 

degree of orientation andthe degree of graphWzatton , by. J^^j^JJ. bottom oil In a petroleum fining 
and time. For example. In the case of P' te "- b ^ ^ pert of the benzene ring to have an an,soirop* 
distillation column) is treated atatempere^ 

preperty by condensation potymerlzatlon.Tnenam^re P ^ ^ oMaln a grephtte fiber. At tjte 

is oriented by spinning. Next, the mixture Is 8tabll ^J*™°""r; t^ent time In the stage of manufacturing the 
Sne by Increasing or decreasing the ^^^^Xot^ToT^e degree of polymerization of the aniso- 
me^ophase pitch, the ratio of the anisotropic part a "^^^p^.ng temperature. It Is possible to obtain yam 
Sartcs^^^ 

with different degree of orientation. Adoption ot sucn H '«f 

„d tn. d«™. « grwIMaWn o. m mm '^S,, w Mowing p.oc«=«. *«■ » »» °»" <* 

, dani rihar (the staae of polymerizing monomers and spinning); 
1) Msnutacturing process of PAN fiber (the stage o f < j » 300 . C v 

2 Oxidation process (stabilization of fiber by air « ^ ^ C ^ 3 £ ^ t0 900 ' C); 

1 Pre-carbonlzation process (ring condensaaon ^ J^^^Vi 9O0 ? C to 1500-C, and formation o, 

4) Carbonization process (ring condensation by denltrogen. nnreg 
graphite structure); and c or n , ner temperature). 

5) Graphitizatlon process (graphite crystal growing *u * ^ ^ 

mOSO] Therefore, for example, by producing a P"*^"*" ,S«SXn pmSss'S.d c^rolting 
Scteristlc and graphite structure by decreasing me treawen^per^re^ t^ making the carbon 

^treatment time, and then bonding ■ P» "J "JS^"^-* Z*""* 
fibers Into paper or weaving the caitoon fibers Into afabric. togeuie 
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condMon, ,t - possible to read.* produce a **, ayer - jjj , J- « ^^^1?- ° f ^ 
orientation and graphitization between the respective JJJSS, theJdfgree of orientation and 

[00511 By chemically modifying the thus obtained M *° n '^ ^"J 1 ^ repellency gradient and order. In other 
graph Mutton by a suitable method, It Is possible to adjust the amount of water JJJJJJJ" , „ chem |cally 

wo£s. in a sheet having a h.gh degree of crystal ^'^^ It Is difficult 

inactive and there is no space for a modification ^ ^T^M^mXT^ having a iow degree of 
to chemically modify such a sheet. On *e cM»( ■ -JJ ^2™J ^hlllclty by using a technique such 
orientation and graphitization. Hence. It the carbon sheets '^^^^^J^^^^ the amount of 
as oxidation with nKrlc add. electrolytic oxidation O the omer hand, after the treatment 

gradient Is increased according to the original water repe ^ ^^^°^ g a fluoroC aroon-based water re- 
to impart hydrophiliclty. when a treatment to ^^^^^^^ na ^eets^e^er^^ 
pellent, for example, since the hydrophll^^ 

Intheorderreveroetotheoriglnalwater^^^ * ^ ^ 

repeilency. It Is thus possible to produce sheets ^J^SSSt S chemical modification process. 

part forming the side wall of the gas flow path and the pah forming ^^Jert^rtSon fiber and the side-wall part 

and can be knitted into any shape. Hence, as shown In TOJIand TO. 2. .a mer ™ and graphltlzed. In 

by providing a number of protruding ribs 11 In P""^™*^ SSh h the portion of the grooves 12. 
this manner. It is possible to roadlly obtain a porous elec£de , havmg a gas flow pa P ^ ^ & 

Moreover,8inceshortfiberofcarbonf.bercanbemadeintoamatandfeltoTanysnap h 

electrode having a gas flow path In the same manner oroowe 25 Is produced integrally by weaving 

[0056] FIG.6showsanexamplelnwhlcha S ide-wallpart24thatformsagroove25isproouc 

[0058] Next, a method appiicable to ™*"*^ n ^**Z£?t ,ong fiber to a suitable iength and 

[0059] First, as shown In FIG. 3. a sS fomTeoVy stamping the same caroonized sheet 

form a gas flow path ^ rdln 8 to a suM ^ ,e ^"'"^flStmde assembly (MEA) comprising porous electrodes 
[0061] FIG. 7 shows an example of electrolyte membranMlertrode V ) P f electrolyte 

Lde of carton sheets obtained as MJ>^» - JJJJ * are placed ^sandwich this 

membrane. A pair of water repellent porous *"!"^»J .electrode 31 is a hydrophlllc porous electrode 

electrolyte membrane 32. A porous electrode 30 P'^ °^ 0 ^7e^bi alive to Impart hydrophiliclty 

obtained by treating an electrode having grooves » LwSon fanoXoxIdatlon). and steam oxidation, for 

using a technique such as oxidation with nitric acW.^ "*^*^J2^5 and the hydrophilic porous elec- 

example. Thus, in an electrode composed of the water repsflert Ipmu 34 ha3 water re pellency. while the 

trode 30, the bottom part that ts the electrofyte ""Mm*** "^^^^ « structure. It Is possible to 
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S 6 ToMheKerfabrtc 23 in FIG. 6 and the sheet 20a of woven fabric or paper which >s not WJ^JJ 
3 a carbon fiber having a high degree of crystal orientation and a small surface area, for exampte, RNMm £ 
m^oph^e pS-based carbon f «2 .s used. On the other hand, for the carbon fiber yarn woven In the raw fiber fabric 
5 23^.^6 and the sheet 20b of woven fabric or paper which Is stamped In FIG 3. a carbon f iber having a low degree 
ofWal orientation (glass form) and a large surface area, for example, phenol-based activated carbon libe is used 
TheT^ slightly applying hydrophilic treatment after forming the carbon fibers into the structure shown .n FIG. 6 and 
HC 5 me SKber having a low degree of crystal orientation Is given priority In ^P" 11 ^^ 3 "^ 
cartion liber having a high degree of orientation has almost no hydrophilic modification, thereby making It possible to 
10 manufacture a single electrode having a water repellent part and a hydrophilic part. 

ra0631 Examples of the MEA comprising porous electrodes thus obtained are shown In FIG. 8 and FIG. 9. 
££ fST hows an example u^ing an e.ectmde made of a carbon fiber sheet ha* ng the structure as ^ shown In 
HQ 6 Specifically this example uses an electrode in which a side-wall part 36 of the gas flow path 34 was termed by 
weal fSon f toe^ having a iow degree of crystal orientation and a large surface area In a sheet 35 made from a 
« S a Thigh degree of crista, oriemation and a smai. surface area. The MEA is formed by sandwiching 
the electrolyte membrane 32 between the sheets 35 of two pieces of this electrode. RnBClflca||v 
0065] FIG. 9 shows an example using a carbon fiber sheet having the structure as shown '"^ G t . B ; JP* 5 ^' 
his example uses an electrode in which the side-wall part of the gas flow path 34 is formed by J 01 "'"^? 6 8h !! 1 ^ » 
madtfrorn a carbon fiber havin g a low degree of crystal orientation and a large surface area to a sheet 37 made from 

20 a carbon fiber having a high degree of crystal orientation and a small surface area. _ . . 

raOBoT Even when the same Jarbon fibers are used, the water repellent part and the hydrophilic part can be formed 
bVlncreasLdecreasIng the f foer density. The reason for this Is that a capillary phenomenon can be utilized wrth an 
inc ea^rtne^s^ Since the water repellent part has a low density, the gas permeability Is not sacrificed and the 
Sg^dTns^Xhnic part wet with watercan suffldentty function as a gas bulkhead between the flow path* 
ran™ VWh the use of the porous characteristic of the electrode, ft is possible to form the hydroph.Hc part by filling 
2 s7de-wa! p£rt of me Jas fiow path whh a hydroph.ik: agent, for example, silica gel. FIG. 1 0 shows the process of 

SEFSS a U s!e a et n ^ad^from a carbon fiber is ]olned to three sheets made from the same ca-bon fiber to 
pTduL .Tde waC « Sforms a gas flow path 43 (FIG. 10(a)). Su*^ «"•«■ 45 Is set on « ,e s de- 
wall part 42 (FIG. 10(b)). an Ink containing a silica gel powder 47 Is printed (FIG 10(c) and then the H^PmM Mnto 
me side-wa part 42 by a pressure plate 46 (FIG. 10(d)). Consequently, an electrode having the s.de-wall part 42 
imposToi a plrtfon 42amade from the original carbon fiber and a portion 42b filled with silica gei Is formed (FIG. 

JooS By suitably combining the above^nent.oned techniques. It Is possible to impart a desired hydrophlllclty to the 

as hydrophilic part while ensuring sufficient gas permeability In the water repellent part. 

[0070] Next, the following description will explain another method for manufacturing an e^ode having a gas flow 
path comprising the electrode membrane side as its bottom face and the oppos.te a.de as rta top face 
rami T First as shown In FIG 11 carbonized sheets 50a. 50d produced by cutting long tlberto a suitable length and 
maxig meTbeT.nto aS sleets 50b. 50c having silts 52 formed by stamping 

40 Sw path font, are stacked in the order of the sheets 50a. SOb. 50c and SOd. and bonded together with a binder. Then 
EfaSto and the carbonized sheets are graphltlzed together, and £g 
Conaeouenttv as shown In FIG. 1 2, an electrode comprising the sheet 50a as Its bottom face, the sheet soa as ns lop 
See 2d 5s"ow^h termed by the slits 52 Is obtained. Here, an example in which 

[^'sheets o??he same material is illustrated, but it is needless to say that the number of the sheets and the matenal 

45 S Ch F^ 9e iVSexampSof the combination of sheets constituting an electrode produced in the above-de- 
Ed rnaS; ?£S£S2i Inaxam^e in which PAN-based or pitch-based water repellent carbon sheets are 
ZSSIZ sheet 50a terming the bottom face of the gas flow path 52 and forth. ^^^Jff £££ 
wall part of the gas flow path, and a cellulose-based or phenol-based hydrophrltc carbon sheet is used Iter *e snert 

so £ Sing thetep faceof the gas flow path. In FIG. 13(b). a water ^^J^^SSXS 50 c 
that forms the bottom face of the gas flow path 52. and hydrophilic carbon sheets are "J^rJh , i„ 
hat term the side-wall part of the gas flow path and for the sheet SOd that forms the top face of the gas flow -ptttu n 
SS MM Twa e?repelL carbon sheets are used for the sheet 50a that forme the bottom face of ^ 
M and Kieet 50d that terms the top face of the gas flow path, and hydrophilic carbon sheets re used for the 

55 See* SfiSSL JESS side-wal. part of the gas flow path. In any of the examples. — 53 
formed on me electrolyte membrane side of the sheet 50a forming the bottom face of the gas Jtew P am - 
oSS FIG. 14 showVan example of applying hydrophilic treatment to a specific part of an *""*^> mmM 
by a method as Illustrated In FIG. 11 . and ol applying a water repelling treatment to other specific portion. 
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[007 4] Amask^postflonedonasheetOO^ 

ace of a gas flow path 62, sheet 60d J^JSe S? e TwWh the mask 65 Is set (FIG. 14(c)). and 

5). Subsequently, a hydrophillc 6 * ' 8 hl ^ e a ^ n a| Next, the entire sheet .s versed and a 

[he' sheet 60d Is Impregnated with ^SSm^^!^^ heat ' ^nsequentiy. an *eMM*« 
5 water repellent 63 Is printed on the sheet 6 * <™- hlHc sneet 6 0d and a bottom face made of the sheet 
The gas (low path 62 comprising a top face tr **^XumS» hydrophillc agent used here is silica gel, for 
60a including the water ^temperature of the heat treatment Is around 

example, while the water repellent Is P^era™™^ L-JL* DV this neat treatment. 

52 Suitable hydrophlllctty and water ^^^SXS^SS^ an electrode by binding two or three of the 
,o [00751 Next, the following description wHI ■^■^^.J^ cJon 8he ets that form the side wall of the gas 
Lrbon fiber sheet that «^the bottom jaceof the gas Jhjcjm ^ . graphrtlze<1 ferial 

HSnTan"^ 

„ S5T ^ de.ce of FIG. 15 Is exp.a.ned. A^JJ-J 
™aper72b.amlrd-layer raw canonized paper 72^ 

71b 71 c, and 71 d. respectively. A binder Is applied to the wt«u *\ pap . ^ ^ ?4(J an(J are 

[00791 An MEA 100 is composed of a polymer e^ V£ memcnane i per i p heral portion of the elec 

2 both sides of the polymer electrolyte membrane 1 KM '££^2X1 gaa. a pair of manifold apertures 113 for 
trotyte membrane. In the gasket 11 0. a pair ^£^ d JJjSSar. formed. These manifold apertures are connected 
oxidant gas, end apalrof manifold apertures 'W^^JJ^ as shown in FIG. 22. the anode 102 
tomanifold'aperturesoftheseparatorplaw 

S^d^ 

„ ^Ananod^ldeseparatorpiate^Olnciud^ 
apertures 123 for oxidant gas. and a pd^^^ 

saparatorplate 120 has a recessed Iport.on ,121 "^jJJJ2«« portion, that form a gas flow path extend^ from 
102 in the center, and grooves 125 on both Mm «of ^S^J^, ' by the combination with the gas flow path 
one manifold aperture 122 to the other ^T^SJa pair of manifold apertures 132 : tor fuel 

40 106 of the anode 102. Similarly, a cathode-sWe separator plate 1 30 MB «u P water. Further- 

gas, a pair of manifold apertures 133 for oxidant ^gas, anda paj ol ^ cathode of the MEA, for 

more, im cathode-side separator plate 130 has a recessed portion 131 portlon thatto(rn a gas 

accommodating the cathode 103 in the «2!?aS^«" «^«* a P erture 133 f0r ^ 9M 
flow path extending from one manrtold aperture 1 33 to the otner m 

nation with the gas flow path 106 of the <» th £ 9 J a f flmov6 . , g6 for form , n g a cooling water flow path In Its rear side 
[0081] The cathode-slde separator plate 1 ^X 9 ^ n V^L r £ combining this wrth the anode-side separator 
so as to connect a pair of manifold apertures 134 for cooHng water, cry * ls pr0GUC ed. In a portion 

pTa" 120 having s.mT.ar grooves for cooling ^^J^ES fl.nctio'ns as an anode-side separator 
where the cooling part is not formed, onesep* ator plate W jn betwefln cells . 

plate and the other side functions as a S7nK» supplied from the manifold aperture 122 of the 

[0082] in a cell having the above-described st nocture ^ rue. gas w ^ fte gas „ ow path 106 of 

'separator plate 120 Is fed from the grooves 1 25 ^^fJ^'^Son are discharged from the gas flow path 
STanode 102. Excess fuel gas and water genera te ^h^l Swi^Sof the separator plate. Similarly, an oxidant 
106 of the anode 102 to the manifold aperture 122 through the gmm 135 of the separator 
gas supplied from the manifold aperture 133 of *e separator plate «0 to Jed fro Q ^ ^ m<jlsture af0 

9 p,ate S to the anode (ate) ^^XSSS^^^ ™' 
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without a gas flow path, under the same conditloiv hV drophilic electrode was prepared by applying a 

[0085] These porous electrodes exhibit water reps •J^JJJJJ^ de wttn 2 , A nWte acid for 

hydroph.l.ctreatmenttothepo^^ 

one hour. The flat electrode was not ^^^^^S^^^i electrodes. For the eva.uatlon of the hy- 
Table 1 shows the results of evaluating the •VjwpWWJJJ' ^ 6urfafieten8ion8 were dropped, andthesurface 
dmphilteproperties.standardwettlng.ndexsowo^hav^ go(ut|ons ^ talten as the hy- 

tenslon of a solution having the largest su ^^ d S ^ n 8 ^ 8 n ? na 1 t e tn V greater the value, the higher the hydrophlllciry. 



Part 


Surface tension (mN/cm) 


Hydrophillc electrode 


Not less than 72 


Water-repellent electrode 
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[00801 Next, Ketjen Black EC (furnace black manufacUired ^J^^^^ ,„ a weight ratio of 1 : 
lace area of 800 m*/g and DBF oil 2^ - fl 5^^ B ^S^5«^ of hydrogen Ion conducive 
1 . 10 g of thlscatalystpowderwas mixed with 35 gol wa er c ud j ^ then the powder was dis- 
poser electrolyte ('9% FFS" (trade n ^^" a ^t7n^ c^la^r.nkwss coated on a polypropy.ene 
parsed using an ultrasonic agitatorto produce d^WesInc ), and dried to form a catalyst layer. The 

LcTorayfanSC-asoo^tradename^ 

ksskss sssssr sk'iS — — * ei - du pont de Nemoure 

and acetylene black (manufactured by Denk. 2J*^^^'JS!S minutes to form a water-repellent layer 
coated on one side of the water-repellent electrode " d £X""ru!« area of tne aiectrode. An MEA was produced 
The water-repellent layer density "2*£E ^e formed to the electrolyte membrane to which 

a cel. discharge test under the condrtlon that the e. . a unit cel. Including conductive 

[0090] As a comparative example, a cell having *• "J^^^ width, prtch and groove depth as the 
separator plates which were processed to ^""^J^SES^ gaa flow paths, and the above-men- 

cells at a current density of 200 n^-Tha ^eir ^ n Is considered that this improvement was made by 

humidified condition when compared to th8 u COT P a ^ e J^!.^ byan Improvement of the moisture retention 
an improvement of the utilization of waterto besupplled. which was causeo oy an 
characteristic of the electrode. 
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(00921 FIG. 25 shows cell voitage b^-^JjSf t0 J^!^^^Ts^TuS^ c'aTbe 
Sb, "UP- indicates the start of supply o fuel gas and ON ^^acteristic than the comparative example when 
understood that the cell of this example has a bett * vortage man the compare ^amp.e when £e 

the fuel gas Is increased wKh an increase I load, but has a sio 9 ^ d te used there Is 

fuel gas Is decreased with a decrease In load_ \n &"«*)^ m(i ttta lag beC omes a cause of the 
a time laa between the fuel gas feed rate and the water reeo r , ^ electrode compensates tor the 

[o^elista— 
frrSowstherelation^ 

thTa arge amouiof water generated at a high current ^ 8uitable particular1y (or tueI ceils for 

[0 0951 A mesophase pKch-based carbon fib^r raw •*™£^^™£XL sew^tSe'fS^ 
nto a fabric with a thickness of 1 50 urn. and . ' P^^X^ mM[gMm and carbonization processes so as to 
thickness of 600 um. The resulting fabric ^^'^^^^led by steam oxidation in a continuous 
produce an electrode as shown In FIG. 6. Thereafter th » a area ^ a the hydrophlltolty of a part th* 
Ee under the condition of 800' C and 240 seconds ™° ^J^sted before and afterthe activation, and the 
orm^he bottom of the gas f tow path and the f^L^^^nt increase was observed as a resufc of the 
resuits of evaluation are shown in "^^^J^^^S^ of the flow path's s.de-wal. part made from 
activation, particularly, in the specific surface area ana m y 
the phenol-based ftoer. 



Table 2 
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Side-wall part 



Surface tension (mN/cm) 
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[0096] A water-repellent layer simllarto that of E*"^ ""^^ 
towcath Then, anMEA was fabricated by joining the electrodes it the *«WJ^ the ^ sectional 

Btructure shown in FIG. 8 was assembled us.ng the same sep 
the same characteristics as In Example 1 . 

U-^B^"»"-*•*'- , ' , . ,,, " 
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m k , -HHinn oafts bv welqht ol acetylene black (manufactured by Denkl 
,n FIG. 1 1 . Speclflcal V, an Ink was prepared *^J*»^ ^30 |im.7s A grade) and 5 parts by weight of 
Kagaku Kogyo K.K.). 15 parts by we.ght of silica T^W**** by weight of colloidal sllica(IPA-ST 

thermosetting epoxy resin (90% cross linking pohM 75 C I m nuteM 60 pa y g ^ ^ ^ ^ 
snica so. manufactured by Nissan 
(coated three tlmes)onthes^^ 

at 200° C and further heated at 320 C for two » noura im y confirmed that the electrode of 

electrode with hydrophlllclty Imparted only to the sWe-wal pari was obtain ^ ^ 

this example has the same effects as those |^ ^J^T^ ^pd readily enhance/reduce the above-mentioned 

hydrophlllclty of the side-wall part by an appropriate ink composition , ana reaa.iy 

effects. 
Example 4 

S5Si" FW -ayer: mesophaae pitch-based carbonted papar (..bar diameter o, 12 un, «.bar length of 5 mm. and a 
SarT^laX.sctrop.c pKch-based carbonfced papar (t.bar d.amater of 13 pm. fiber .ength of 2 mm. and a 

SSr>S5.C« p*-«— cart » n,ze < paper ^ dlameter - 11 ,ength of 2 mm - and athk * ness 

80 * uri ^ ., . hMt bo to a olass tor flxtura. the sheet 80 was polished to expose the 

[0105] After adhering the above-ment toned * " "**JJJ layer 80o and fourth layer 80d as shown In 

respective polished surfaces of the £rst layer t 80a ;*^ 

SSL, in FIG. 29. (a), (b). (O and (d) In J""^"* ^SE^SIES^ S 

Senci gradient dedve* from the or.entat.on ^ ^SS wTrlluxed with 2% nKdc ecld tor 30 
[01071 The above-mentioned sheet wee denoted as XI. NexUhe sheel , XI was^ she ot 
mi nutes to add a hydroxy, group to Its r^tency. ™ * —*g 

X2 was treated with hepladecafluorodecyl tr^lo^ ^ hours tQ add a hydroxyl 

sheet Is denoted as X3. A sheet obtained by ^"g^^i^i^hJSS group of the sheet X4 with hepta- 
group to its surface is denoted as X4. and a ^™^™£^£Z£Jes X5. The water repeliency 
decafluorodecyl trtehlorosllane as a water repellent to Impart water r "P*" n <* . 3 . 

orMM sheets was evaluated In the same manner as above. The results are shown In Table 

Table 3 
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. „ ™ -r-hi- thnt m the sheets X2 and X4. the gradient was Increased according to the water 
[0108] It is apparen JndtS™ was controllable according to the treatment process. In 
repellency gradien orter o, ^ 

wtSC th2 the water repel.lng abl.Ky ot the sheet X1 and the degree was 

dependent on the hydrophlllc properties; of th she ^2 and X4 chemical moditlca- 

single sheet. 
Industrial Applicability 

scarifying the cell characteristics. 



Claims 

20 

1. 



jo 2. 



3. 

35 



Apo^ere.ec^tue.ce,,^ 
.on conductive polymer electrode ^J^I^Td^ 

electrolyte membrane; and apairofconducflvesepam,^ tetrodes has: a catalyst 
assembly, the polymer electrolyte fuel cel. being •f*£2^.£l£d.g a conductive carbon fiber sheet 

path are different from properties of the carbon fiber that forms a side wall of said gas flow path. 

orientation degree, fiber microsmicture. and hydrophlllc group density. 

. k i. ,i 0 i m 1 or 9 wherein the carbon fiber fomnlng the bottom face ot 

40 bon fiber materials. 

5. The povnw etec t ro *te tue, etf. as set forth 'n-y preceding cl^, w^reln 8 a,d carton ftoer sheet Is composed 
of a plurality of sheets, and a graphttized material for binding the sheets. 

and hydrophlllc group density, and a graphlttted matenal for binding the sheets. 
Apo.ymere,ectro*efue,^ 

ion conductive polymer electrolyte and a pair of fJ^^^^S^ 

e.ectrorytemembrane;andapa.rof conduc^esepar^ has; g 

assembly, the polymer electrolyte fuel cell being **222i l«2 S3 a conductive carbon fiber sheet 
,ayer In contact with said electrolyte ™mbmne; , and ^2^J^^J1J^ a bottom face facing 
in contact with said catalyst layer, said gas diffusion layer """P^ 1 *" "™ P ™ ^as thB ca rbon fiber that 
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8 The polymer electrolyte fuel cell as set forth In claim 7. wherein the properties of the carbon fiber forming the 
bottom face of the gas flow path In said gas diffusion layer are same as the properties of the carbon fiber forming 
the side wall of said gas flow path. 

5 9 The polymer electrolyte fuel cell as set forth In claim 7, wherein the properties of the carbon fiber forming the 
bottom face of the gas flow path in said gas diffusion layer are same as the properties of the carbon fiber forming 
the top face of said gas flow path. 

10 The polymer electrolyte fuel cell as set forth In any one of claims 7 or 9, wherein a difference between the char- 
10 ' arterioles of said carbon fibers Is derived from a difference In at least one of their fiber density, pore density. 

graphitizatlon degree, graphite orientation degree, fiber mlcrostructure. and hydrephllic group density. 

11 The polymer electrolyte fuel cell as set forth In claim 7. wherein the carbon fiber forming the bottom face of said 
" gas flow path has hydrophilldty lower than that of at least one of the carbon fiber forming the top face of said gas 

is now path and the carbon fiber forming the side wall of said gas flow path. 

12 The polymer electrolyte fuel cell as setf orth In claim f 0, wherein the difference In the graphitizatlon degree, graphite 
' orientation degree, or fiber microatructure is derived from a difference between mutually different carbon fiber 

materials selected from the group consisting of PAN-based. pitch-based, cellulose-based, and phenol-based car- 
re bon fiber materials. 

1 3 The polymer electrolytefuel cell as set forth In claim 7, wherein said gas diffusion layer Is composed of a flat carbon 
' fiber sheet positioned on the polymer electrolyte membrane side, and a carbon fiber sheet having grooves that 

form a gas flow path and are open on the flat carbon fiber sheet side. 

14 The polymer electrolyte fuel cell as set forth In dalm 7. wherein said gas diffusion layer is composed of a carbon 
fiber sheet having grooves that form a gas flow path and are open on opposite side to the polymer electrolyte 
membrane, and a flat carbon fiber sheet joined to said carbon fiber sheet to cover the grooves. 

30 1 5. The polymer electrolyte fuel cell as set forth In claim 7. wherein said carbon fiber sheet Is composed of a plurality 
of sheets, and a graphitized material for binding the sheets. 

16. The polymer electrolyte fuel cell as set forth in claim 7, wherein said carbon fiber sheet is composed of a plurality 
of sheets having a difference In at least one of their graphitizatlon degree, graphite orientation degree and hy- 
35 drophlllc group density, and a graphitized material for binding the sheets. 
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FIG. 13 
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FIG. 14 
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FIG. 2 2 
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FIG. 2 6 
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FIG. 2 7 
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FIG. 2 9 
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